Data retrieval from the Registry and incidence rate estimation of gastric cancer by histological types
From 178 252 registered cases at ages 30 and over at first diagnosis from 1975 to 1989, we retrieved 161 067 cases with complete data on sex, birth date, histological diagnosis and date of diagnosis of which 157 558 were surgically and 3509 were non-surgically treated. We excluded 1997 cases because they were coded to other sites according to the International Classification of Diseases (the ninth version) (e.g., malignant lymphoma) and 15 188 cases without a histological diagnosis. After retrieval, the JRSGC classification was converted to that by Lauren (Hanai and Fujimoto, 1982) (Table 1) .
Annual proportional frequencies of histological types of gastric cancer were computed for each sex and 5-year age group at first diagnosis using both classifications. Annual incidence rates of gastric cancer by histological types were calculated by multiplying the national incidence rates of total gastric cancer (RGPCR, 1999a) by the proportional frequencies of each histological type in each age group and sex in the relevant year. Annual age standardized rates (ASRs) by histological types were calculated using a 'Model' population for 1985 in Japan as the standard population (Abe et al, 1991) .
Statistical method for time trend analysis
By fitting a logistic regression model, age group stratified time trends were analysed with disease status as a dependent variable and time (year) as an independent variable using 5-year-age-group stratified data (12 age groups from 30-34 age group to over-85 age group) as follows:
where n denotes estimated number of cases in a sex-age group in a year, N denotes the general population in that group in the same year, and year denotes a categorical variable from 1 to 15 for the years between 1975 and 1989.
Percentages of average increase or decrease per year were computed with 95% confidence intervals. The results for linear trend analysis were presented by percentage of increase in incidence rate per year (% increase). STATA statistical package (version 6.0) was used with the glogit procedure to fit a logistic regression model for grouped data (STATA Corp., 1999) .
RESULTS
The estimated annual cover rates for gastric cancer in Japan between 1975 and 1989 are shown in Table 2 . The cover rates in most age groups showed 10-20% coverage by the Registry. The cover rates within the same age group were relatively stable during the observation period.
Time trend using the Lauren classification
Temporal changes in relative frequencies of histological types by the Lauren classification for all age groups are shown in Figure 1 , along with those for the JRSGC classification. These frequencies were relatively stable; and diffuse type between 1975 and 1989: approximately 62-58% were intestinal and 34-40% diffuse among males, and 40-46% and 49-58% respectively among females.
Changes in the relative frequencies of Lauren histological types in the period 1975-1989 are shown by age group in Figure 2 . The diffuse type was the major histological type at younger ages, while the intestinal type became predominant among the elder age groups (Figure 2 ).
Age standardized rates (ASRs) of total gastric cancer and the two Lauren types for the over 30-year-old population are shown in Figure 3 on a log scale. Total gastric cancer and the intestinal type showed a decreasing trend for males and females. On the other hand, the diffuse type was relatively stable. Results of linear trend analyses for total gastric cancer and the two Lauren types by age group and sex with 95% confidence intervals are shown in Figure 5 . The incidence rates of total gastric cancer showed a significant decreasing trend in younger age groups for males and in most age groups for females. The incidence rate for the over-85 age group, however, showed increasing trends both for males and females. In a Cover rates were calculated by dividing registered cases in the Registry by incidences of gastric cancer in Japan estimated from several population-based cancer registries (RGPCR, 1999b) . the intestinal type, decreasing trends were observed in younger age groups for males, and most age groups for females. The trends of the diffuse type were relatively stable in most age groups both for males and females ( Figure 5 ).
Time trend using the JRSGC classification
Temporal changes in relative frequencies of histological types by the JRSGC classification for all age groups are also shown in Figure 1 . The relative frequencies of papillary adenocarcinoma in 1989 were reduced by about 50% of those in 1975 for both males and females. Other histological types showed slight increases over the study period. Corresponding changes by age group and sex are shown in Figure 2 . Poorly differentiated adenocarcinoma was the major type among the younger age groups, while tubular adenocarcinoma (moderately differentiated type) became dominant at older ages among both males and females (Figure 2 ). The ASR trends by histological types in the JRSGC classification are shown in Figure 4 on a log scale. In both sexes, a decreasing incidence was seen for papillary and mucinous adenocarcinomas, and possibly tubular adenocarcinoma (well differentiated). Other JRSGC types were stable over the study period. The declining trends for papillary and mucinous adenocarcinomas applied to most age groups both in males and females. Tubular adenocarcinoma (moderately differentiated type), poorly differentiated adenocarcinoma, and signet ring cell carcinoma showed statistically stable trends in almost all age groups in both sexes. Tubular adenocarcinoma (well differentiated type) showed a significant declining trend only in younger males and females (Figures 6 and 7) .
DISCUSSION
Several studies have suggested that the decline in the incidence of gastric cancer is due to a decrease of the Lauren intestinal-type (Munoz and Connelly, 1971; Amorosi et al, 1988; Nikulasson et al, 1992; Lauren and Nevalainen, 1993) . However, these studies were mostly based on the proportional frequency ratio of the intestinal and diffuse types which does not itself indicate trends of incidence. Age-adjusted incidence rates (ASR) of the intestinal type showed a decreasing trend and a stable trend in the diffuse type. Although these results are in good agreement with past studies (Munoz et al, 1968; Munoz and Connelly, 1971; Hansson et al, 1991) , age group stratified time trend analyses might be more informative if exposure status to the relevant environmental factors differed between age groups.
The age group stratified time trends of the intestinal type were clearly decreased in younger age groups both for males and females, and stable for males or slightly decreased for females in elder age groups. In the time trends of the JRSGC classification corresponding to the intestinal type, three patterns of time trends could be identified; 1) a pattern showing linear decreasing trends in most age groups, 2) a pattern showing linear decreasing trends only in younger age groups, and 3) a pattern of relatively stable trends in most age groups during the observation period.
The first pattern could reflect an evenly decreasing chance of exposure to the environmental risk factors of gastric cancer for all Figure 6 Age-group stratified linear trend analyses for gastric cancer by histological types of the JRSGC classification over 30-year-old groups by logistic regression model with 95% confidence intervals in males age groups. Since food/nutrient intake among the Japanese has moved towards protein and fat rich food (Tominaga and Kuroishi, 1997) , these factors might work protectively against these histological types of gastric cancer for all age groups. The second pattern might be due to different exposures at younger and older ages. The H. pylori infection rate is reported to be decreasing in young age groups, but still high among the elderly population in Japan (Asaka et al, 1992; Haruma et al, 1997 ) so this could produce such a trend pattern. In addition, differences in past and current lifestyles between the younger and elder age groups might also contribute to the trend, e.g. differences in hygiene status in childhood and differences in preference of current food intakes between the age groups.
The third trend pattern might be independent of environmental factors attributed to lifestyles and be genetic in nature; this may be relevant to the diffuse type. Some studies have concluded that H. pylori infection has an association not only with the intestinal type, but also the diffuse type (Nomura et al, 1991; Parsonnet et al, 1991a; Sipponen et al, 1992; Asaka et al, 1994) ; however, the association has not been definitively identified (Talley et al, 1991) . A meta-analysis of 42 case-control studies on H. pylori and gastric cancer revealed that the intestinal type had more associated with H. pylori (Eslick et al, 1999) . If we suppose that a histological type of gastric cancer has an association with H. pylori, its time trend would be similar to the second trend pattern in this paper, that is, a decreasing trend only in younger age group where a prevalence of H. pylori has been declining. However, such a pattern was not observed in the diffuse type, and even in some JRSGC histological types corresponding to the intestinal type. The stable gastric cancer trends regardless of changes in H. pylori infection rate may give us a clue to elucidate the relationship between gastric cancer and H. pylori along with a phenomenon that low frequency of gastric cancer in several developing countries where the prevalence of H. pylori infection is as high as 90% (Crespi and Citarda, 1998) .
The possibility that cases in the Registry are not representative of gastric cancer in Japan could be a limitation of this study. Since reporting biases with respect to histological type from hospitals and selective visits or referrals of gastric cancer cases to participating hospitals are considered to be small, the relative frequencies of histological types of gastric cancer in the registry should be similar to those of all cases in Japan.
Another limitation is the possibility of changes in histopathological diagnosis. In Japan, the JRSGC classification has been broadly accepted by oncologists and since this has not been drastically revised since 1974 (JRSGC, 1995) , histopathological diagnosis should be comparable over the study period.
In summary, we identified a decreasing trend in the intestinal type in younger age groups, and a stable trend in the diffuse type in the Lauren classification. In the JRSGC classification, three trend patterns were identified; a decreasing trend pattern for most age groups, a decreasing trend pattern only for younger age groups, and a stable trend pattern for the most age groups. Considering the changes in lifestyles of the Japanese during the recent three or four decades, our results suggest that there exist three types of gastric cancer from an aetiological and epidemiological point of view.
